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Fig. 12. Moderate Eccentricity - Bearing on Partial
Plate
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Figure 3.4.1. Base plate with large moment.
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H = lateral bursting force

Fig. d4-d. Lateral burstin

18 forces for anchor rads in tension near an edge.
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* uudsNmuNISooNUUU HSo Design guide lag AISC Gou
edition A 2 AWcUUNDIN 1t edition U 2006 TasnslU Base
plate {Sikan standard grade ASTM A36 LiiguLrin SS400
gnLdUd: enmsnmmsoauloowiunaomam Aawsalsla
adu anchor rod awmsﬂiumaﬂmsom{u lagtuds:inAlng
waaﬂuuuawmsmaaﬂIoHamHaw N SS400 KSP1(B
IKantasatfiguinii SD40 (Fy = 4,000 ksc) tluadu

Table 2-2. Recommended Anchor Rod Materials

Nominal Shear

Nominal Shear

Tensile Nominal Tensile Stress Stress
Strength, Stress, (N-Type), 2} [ (X-Type), 2k P Maximum
Fu, Fn:=0. 75Fu Fny=0. 450F.J Fny=0. 563Fu Diameter,

in.

A449 105 T
90 67.5 40.5 50.7
——
A354 Gr. BD 150 113 67.5 84.5 4

Bl Nominal stress on unthreaded body area of threaded part (gross area)
Pl Threads excluded from shear plane

I Threads included in shear plane

1l Preferred material specification

FILLET WELD

BASE PL.

GROUT
2!

CONC.

FOUNDT_“\\\

Ref: AISC Design Guide 1, “
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Base Plate and Anchor Rod Design,” 3" edition
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yu1Q diameter Udv anchor rod ADVAUWUSAU UuNQUDVSID:U base plate lagiwalHawisadiadvlalagvig AdsLaSaU

st:vualHnin31W1aST U HSD oversized hole ((Hrynd>1wuna diameter Uov anchor Us:u1gu 5-6 mm) wa:AdsLasgy
uHdUsdv (washer) (HUuuQUa:AIWKUIALKU:GUAUUUNIQUDVSION: La:NN1sTundu (Ju torque) NKUNVIU

Table 2.3. Recommended Sizes for Anchor Rod Holes in Base Plates
Anchor Rod Hole Min. Washer Min. Washer
Diameter, in. Diameter, in. Dimension, in. Thickness, in.
3 1% 2 Va
73 1% 2V Y6
1 1% 3 %
1% 2V 3 V2
1% 2% 3% Vo
1% 2% 4 8
2 3Va 5 %4
2V2 3 52 7
Notes: 1. Circular or square washers meeting the size shown are acceptable.
2. Adequate clearance must be provided for the washer size selected.
3. See discussion below regarding the use of alternate 1%e-in. hole size for %-in.-diameter anchor rods, with plates less than 1% in. thick.

Ref: AISC Design Guide 1, “Base Plate and Anchor Rod Design,” 2"d edition

Ref: www.shutterstock.com
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* LJo1Aa moment N base plate dUfivs:QUHTY o=
dowarir anchor rod GovsuLsVOY BuADY
(1S29d2UMAVAIUNIUNISADUUDVADUNSC
(Concrete Pullout Strength) 8uWo1seun bearing
area Udv anchor rod head (919I3UWUIHANUGIY
LWU bearing area) “8v bearing area anchor vuna
tiaduin AdvdiuniunisaauvdvAUNSOTOUIN”

«  UDNYINU JuADVWIISTUINIAVAIUNMUMSLONYDD
ADUNSQ (Concrete Breakout Strength) Qg
sUuuunisduauuulau NSend1 Concrete Capacity
Design (CCD) nvi CCD fiHuansaulun1swa1seun
anchor rod A LlduWIAUINaILLAU 27 (50 mm) ua:
s:g:iluudv anchor rod lUlAu 25" (63 cm)

« CCD Wumswaisaunsuuuums3uan Apunsagam
(Ruanaonululau (cone failure) lagtwalkns
wosaunlidudou anueu:lauvd:tdusudainasudsasa
My 34 oM (115) a:Npudl “dvs:o:iv anchor an
UIn AdvdumMuMsuanyUavAdUASAdouIn”

Concrete Pullout Strength

ACI concrete pullout strength is based on the ACI Appendix
D provisions (Section D3.3):

where

Abrg

ONp = Oy, 8f

= the nominal pullout strength

0.7

1.4 if the anchor is located in a region of a
concrete member where analysis indicates no
cracking (f; - f,) at service levels, otherwise y, =
1.0

the bearing area of the anchor rod head or nut,
and f,” is the concrete strength

Concrete Capacity Design (CCD)

Per ACI 318-02, Appendix D, the concrete breakout

strength for a group of anchors is
[ Oql;.?-l\,l"f I:,:,] s ':‘ for i <11in.
“ANo
and
O Ny, = oqi_:lh\[_? Ia‘.,'* : ;—\ forh, =11 in.
“ANo

where

0.70

1.25 considering the concrete to be uncracked at
service loads, otherwise =1.0

depth of embedment, in.
concrete breakout cone area for group

concrete breakout cone area for single anchor

Ref: AISC Design Guide 1, ”
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AavaiuNIuUNISAdUYDVADUNSQ (Concrete
Pullout Strength) Una:0u limit state A control
wadnssutilksun lqe A, 1DuWuiuav anchor
head Hhaonv1AWuNn anchor rod Sotdu bearmg
area NoNumumsnauaan lQYNMSWIISTUIDDILUN
doundanu concrete aantlu nsdatdhAudiuvav
ADUNSONDUUDIUIUD:UONNS:QU service level Au
nscunNAaunsaluduudldud:uan

A1duauniunIsuLanUDVADUNSA (Concrete
Breakout Strength) ddgsduuunisducuuulau n A
(SN Concrete Capac1ty Design (CCD) lUuaums
empirical lagn1sworseundraaumsiLaavio:tov
doQAADVAUKLDY psi d1HSU fc' ua: inches d&1HSU
h, (S:9:idv = depth of embedment)

CCD Wdunu yunatduriAugnalouav anchor rod
WATUANUS:8:AY Ua:N1SYQVCUHUVUDY anchor
rod Wudnty

4.4 Example: Concrete Embedment Strength

Calculate the tensile design strength of the concrete for a
single smooth 34-in.-diameter headed anchor rod with an
embedment length of 6 in. The ACI concrete breakout de-
sign strength (using equation for A,,< 11 in.) for uncracked
4,000 = psi concrete is

A
¢Ncbg:¢w324 fc hefls 2
ANO

Assuming uncracked concrete, y; = 1.25. For a single rod,
AN = ANo'

0Ny = 0.7(1.25) 24,/4,000 (6)"
=19,500 1b or 19.5 kips

Note that the break out strength is theoretically indepen-
dent of the size of the anchor rod. This embedment at only 6 in.
is enough to make the design tensile strength of a Grade 36
anchor rod up to %-in.-diameter govern the design.

As discussed in Section 3.2.2, the ACI pullout strength
equations do not typically control provided that the anchor
rod yield strength does not exceed 36 ksi. In this case, the
pullout strength shown in Table 3.2 may be multiplied by 1.4
to obtain the pullout strength, as the concrete is uncracked.
The resulting pullout strength is

ON,=1.4%x152=213>19.5

No equivalent ASD solution to this check exists in ACI 318-02.

Concrete Pullout Strength

ACI concrete pullout strength is based on the ACI Appendix
D provisions (Section D5.3):

ONp = OYaA, B

where

N, = the nominal pullout strength
o = 07
v, = 1.4 if the anchor is located in a region of a

concrete member where analysis indicates no
cracking (f; — f,) at service levels, otherwise y, =
1.0

Apy = the bearing area of the anchor rod head or nut,
and f,” is the concrete strength

Concrete Capacity Design (CCD)

Per ACI 318-02, Appendix D. the concrete breakout
strength for a group of anchors is

Ay
O Nope = 03 241 ' 4" for i, <11in.

“*No

and
. - s Ay
0 Ny = 0w 16,1 1 *" >
No

where
o = 0.70
v, = 1.25 considering the concrete to be uncracked at

service loads, otherwise =1.0
h, = depth of embedment, in.
Ay = concrete breakout cone area for group

Ay, = concrete breakout cone area for single anchor

Ref: AISC Design Guide 1, “Base Plate and Anchor Rod Design,” 2"d edition






Force Distribution at Column Base
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The title of the Design Guide has been changed to "Base
Connection Design for Steel Structures” to reflect the
expanded scope of the new edition.

WWasudoo1n Base Plate and Anchor Rod Design IUlUu Base
Connectlon Des:gn for Steel Structures lRa:NouLipKIAUENE
UE)UlUC]lWUlC‘IUEJ\)UU
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Key Updates
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A new chapter (Chapter 3: Base Selection, Design and
Simulation) is included to establish the relationship between
the structure and base connection to provide context for
connection selection, design, and simulation.

IWULAUHTDIHUSA 1un (unii 3 MsI3DAS:UUTIU NMSDDALUU
Ha:uuUNanw) IWalRIA0AIUITNRAVAIIAUWUSSHI W
lAsuasivua:s:uuYIUSDVSU DULNEITDVAU NISLADNS:UUYACID
ANSDDNUUU UA:AISHLUUDIADY
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Third Edition




Key Updates
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Chapter 4: Design of Exposed Column Base Connections in
this edition (which addresses column base plate connection
design) is now particularized to column base plate
connections with some modifications; broadly, this was the
topic of Chapter 3 of the second edition. A new section is
introduced to address base plate connections subjected to
biaxial bending and axial compression.

uni 4: msoPALUUAdDTIULEN (INYIAUNISIDNILUULKUZIU BV
LouAtduunin 3 yov 2" Edition) [aSumsUSuUsv IRASDUAQULNU
Jiundovsuluwudaa 2 unu lUwsSouauusvoa (biaxial bending

Design Guide 1

Base Connection and axial compression)
Design for

Steel Structures é::‘::;‘;;;.

Third Edition amew” | Steel.




Chapter 4 - Design for Tension
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Table 4-2. Anchor Rod Concrete Pullout Strength (LRFD Only)

Design Concrete Pullout Strength,

Rod Diameter, Rod Area, t:wn:e;r::t o, kips
in. Ap, in2 Aprgy in2 fz = 3,000 psi f2 = 4,000 psi f; = 5,000 psi
3% 0.307 0.671 11.3 15.0 18.8
Concrete Pullout Strength » e pyos s %2 s
T 0.601 1.19 20.0 26.7 33.3
ACI concrete pullout strength is based on ACI 318, Section 17.6.3. — o = =2 — —
14 1.23 2.24 376 50.2 62.7
For cast-in headed anchor rods L L7 212 = — e
13 2.4 4.14 69.6 92.7 116
2 3.14 5.32 89.4 119 149
r 2 3.98 6.63 111 149 186
d)AIpn = q)WC.P (SAbrgfc ) 25 491 8.10 136 181 227
23 5.04 9.70 163 217 272
3 7.07 11.5 193 258 322
3 8.30 13.4 225 300 375
W hel'e 3% 962 15.4 259 345 431
. .2 3% 11.0 17.6 206 394 403
Apr, = net bearing area of the anchor rod head or nut, in. 2 126 199 4 pye 557

Il
o
Ve p

F1554 Gr. 36.

Note: Bold values above the heavy lins indicats the available pullout capacity exceeds the available stael strangth of the anchor rod in tension for ASTM

specified compressive strength of concrete, psi
0.70 per ACI 318, Table 17.5.3(c)

1.4 if the anchor is located in a region of a concrete member where analysis indicates no cracking at service levels,

otherwise Y. p = 1.0.
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Chapter 4 - Design for Tension
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Concrete breakout strength

Concrete Breakout Strength

The concrete breakout strength is determined based on the CCD method. In the CCD method, the concrete cone is considered
to be formed at an angle of approximately 35° (1 to 1.5 slope). For simplification, the cone is considered to be square rather
than round in plan. The concrete breakout stress (f; in Figure 4-2) in the CCD method decreases with an incre|ase in size of the
breakout surface. Consequently, the increase in strength of the breakout in the CCD method is proportional to the embedment
depth to the power of 1.5 (or to the power of 5/3 for deeper embedments). When the concrete breakout cone is influenced by an
edge (see Figure 4-3), the breakout area is reduced. According to ACI 318, Section 17.3, the CCD method is valid for anchors
with diameters not exceeding 4 in. and specified concrete strength used for design not exceeding 10,000 psi. Anchors must also
satisfy the edge distances, spacings, and thickness indicated in Section 17.9 unless supplementary reinforcement is provided to
control splitting failure.

ACI 318, Section 17.6.2, specifies that the nominal concrete breakout strength for a group of cast-in anchors is:

ANc
Nepe = AN Vee NV ed NV e, NV op, N Vb (ACI 318, Eq. 17.6.2.1b)
Nco
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Concrete Breakout Strength

s SN
< /fr/\\‘l\tuj //\ \
/
where

N f; = tensile stress in concrete
A Ne

N along surface of stress cone

. : .2
= projected concrete failure area of a group of anchors, in.

Anco = projected concrete failure area of a single anchor if not limited by edge distance or spacing
Ny,

= basic concrete breakout strength in tension of a single anchor in cracked concrete, Ibf
Y.y = breakout cracking factor based on the influence of cracks in concrete

- K

1}
= 2o
5 K0S

o%
B8

K5
ogeeet

<

W, N = breakout splitting factor to account for splitting tensile stresses

e
SRR
$S. 0,000,
s

5
2558

<
<>

<
X
(55

..y = breakout factor to account for eccentric tension loading

Yo%

XX

V.4 v = breakout edge effect factor based on proximity to edges of concrete

View A-A

Fig. 4-2. Full breakout cone in tension per ACI 318.

Ne
Nepg = Twec,wed,wc,wmm (ACI 318, Eq. 17.6.2.1b)
Nco

The basic concrete breakout strength of a single anchor in cracked concrete, N, is given in ACI 318, Section 17.6.2.2, as:

Np = kehar flhe' (ACI 318, Eq. 17.6.2.2.1)
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A T’T A
P N
& 7o 7N
Concrete Breakout Strength AR M{ < fy=tensie stress in conrete
FARIN along surface of stress cone

5
Ny (lbs) = 16244/ fc'(psi)hjf(in) T

, 1,000  her(cm) N
N, (lbs) = 1621, |f!(ksc) * =0 % ( T2 )5/3 5 K S
= 12.784+/ fZ (ksc) * [hep(cm)]>/3 - _
12.78 - 5/3 - 5/3
Ny (kg) = 5 ) AV (ksc) * [her(cm)]>/°= 5.8144+/ f¢ (ksc) * [her(cm)] _
' (ACI 318, Eq. 17.6.2.1b)

When the anchor 1s a cast-in headed stud or cast-in headed bolt and the effective embedment of the anchor 1s between 11 in. and
25 in., inclusive, the value of N, may be increased up to 14% by utilizing ACI 318, Section 17.6.2.2.3, as

Ny = 1600y (ACI 318, Eq. 17.6.2.2.3)
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Side face blowout strength
Side-Face Blowout Strength
ACI 318, Section 17.6.4, provides the side-face blowout strength of headed anchors in tension with deep embedment close to an
edge. Lateral bursting forces are associated with tension in the anchor rods. The failure plane or surface in this case is assumed
to be cone shaped and radiating from the anchor head to the adjacent free edge or side of the concrete element. This is illustrated
in Figure 4-4. As with the concrete breakout stress cones, overlapping of the stress cones associated with these lateral burst-

ing forces is considered in ACI 318, Chapter 17. Use of washer plates can be beneficial by increasing the bearing area, which
increases the side-face blowout strength.

ACI 318, Section 17.6.4, stipulates the nominal side-face blowout strength, Ny, of a single headed anchor rod with deep embed-
ment close to an edge (her > 2.5¢41) as: s

: = f fi
NSb - l GOC‘II Af?l‘g }ba fC’ H = lateral bursting force \’i/ EIL

H

e

where B [
Apre = net bearing area of the head of stud, anchor rod, or headed deformed bar, in.? o

Cq1 = minimum distance from the center of an anchor shaft to the edge of concrete in one direction, in.

f. = specified compressive strength of concrete, psi

Lo = modification factor to reflect the reduced mechanical properties of lightweight concrete
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4.3.3 Design for Shear

Overview of Mechanics and Method

For exposed column bases similar to those shown in Figures 1-1(a) and (c), there are three principal ways of transferring shear
from the column and/or the gusset plate into the concrete: (1) through shear in the anchor rods, (2) using shear lugs. or (3) through
friction when compression is present, as shown in Figure 4-5. The design for shear using the first two approaches is covered
within this section. The design for shear using friction is covered in Section 4.3.5. The design for shear for embedded columns
is covered in Chapter 5.

N W
vV Non-shrink Non-shrink
( structural structural
, , grout , grout

i\‘,\.' | ‘
. . G
T

Concrete Shear lug Concrete
foundation foundation

Anchor rod detail Shear lug detail
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Anchor Rods Steel Strength in Shear S .
) teel failure
The design shear strength of an anchor rod given by AISC Specification Section J3.7 as:
OR,, = 0F,,Ap (from Spec. Eq. J3-1)

where
Ap =nominal unthreaded body area of bolt or threaded part, in.?
F,, = nominal shear stress in bearing-type connections, ksi
= 0.450F, if the threads are not excluded from the shear plane (from AISC Specification Table J3.2)

= (0.563F, if the threads are excluded from the shear plane (from AISC Specification Table J3.2)
¢ =0.75

Interaction of shear, tension, and bending in the anchor rod is typically considered. The tension in the anchor rods may arise due
to direct tension in the column, due to bending, or a combination of both. In such cases, the following interaction equation (Equa-
tion C-J3-4a from the AISC Specification Commentary) may be used to evaluate the combined stress limit state:

2 2
[ fi ) +[ fo ] - (Spec. Eq. C-J3-4a)
OF OFpy
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Anchor Rods Steel Strength in Shear

The design shear strength of an anchor rod given by AISC Specification Section J3.7 as:

OR,y = OF,, Ap

The ACI 318 steel design strength of anchor rods in shear is given by:
OVia = (I)(O()) Ase.vﬁn‘a

where
L affartive crec et : + L2
As., = effective cross-sectional area of an anchor in shear, in.
Jfuta = specified tensile strength of anchor steel, ksi
o =0.65

Steel failure

(from Spec. Eq. J3-1)

(from ACI 318, Eq. 17.7.1.2b)
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Anchor Rods Concrete Breakout Strength in Shear

ACI 318, Section 17.7.2, employs the CCD method to evaluate the concrete breakout strength from shear forces resisted by
anchor rods.

For the typical cast-in-place anchor group used in building construction, the shear strength determined by concrete breakout as
illustrated in Figure 4-6 is evaluated as:

Ave -
OVepg = O Weoev Wed vW ey Wy Vp, Ibf (ACI 318, Eq. 17.7.2.1b)
Veco
Ca1
where J
[ 0.2 s s Stress 4
O ] o I N CR RN il one ) 2
d, \ Y /
for normal weight concrete, Ibf j/; . oth \
cqa = the edge distance in the direction of load as illustrated in Figure 4-6, in. /1 ' //
d, =rod diameter, in. .
F o e . . s . * . —
fe  =concrete compressive strength, psi Free edge of / |~ —

Anchor rod
concrete
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Anchor Rods Concrete Breakout Strength in Shear

ACI 318, Section 17.7.2, employs the CCD method to evaluate the concrete breakout strength from shear forces resisted by
anchor rods.

For the typical cast-in-place anchor group used in building construction, the shear strength determined by concrete breakout as
illustrated in Figure 4-6 is evaluated as:

OViepe =0 jv"“ WeevWed vWev Wy Ve, 1bE (ACI 318, Eq. 17.7.2.1b)
Veo
where
{, = load-bearing length of the anchor in shear, which is equal to the embedment depth for anchors with a constant stiffness
over the full length of embedded section, in.; £, shall not be taken larger than 8d,,
¢  =0.70 (considering supplementary reinforcement not present)

Y.y = 1.4 [when an analysis confirms no cracking at service load levels or when adequate supplementary reinforcement is
provided per ACI 318, Table 17.7.2.5.1]

V.. v = 1.0 (for shear applied concentrically with the anchor group)
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Anchor Rods Concrete Pryout Strength in Shear

In addition to the concrete breakout strength, ACI 318, Section 17.7.3, also contains provisions for a limit state called pryout
strength. ACI 318 defines the pryout strength of a single anchor in shear as:

OV, = 0k, N, (ACI 318, Equation 17.7.3.1a)

where
N¢p = nominal concrete breakout strength in tension of a single anchor, kips
hes = effective embedment length, in.
kep = 1.0 for < 2.5 in.
=2.0 for h= 2.5 in.
¢ =0.70

Concrete pryout
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A new chapter on embedded base connections is included
(Chapter 5: Design of Embedded Base Connection), reflecting
findings from multiple research studies summarized in Section
1.2.
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A new chapter (Chapter 6: Design of Column Base
Connections for Seismic Loading) has been added focusing
on seismic design.
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Organization — How will the talk go?

New
Developments

Background &

: Design
Available
i j Implications

Guidance - ol
Seismic Context ew Guidance

Strength
Ductlllty

Flexibility

Ref: Hassan (2025), “Touching Base: What you need to know about Seismic Design and Performance Assessment of Column Base Connections,” NASCC The Steel Conference
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¢ MS2ALUUYQCIDIWDAUMULKWUAQUIHD
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:=1DVDDAUUUIRD | :>8 :
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a) Strength KSoAIVUYUVUSONLWIOWD Yo
b) Ductility KSOANUIKTYINIWHIOWD
« {uwvudvNIsoRNUUUIRTAWUTOUSVN

H |
!

UALWEOWDUU dUNSaOWIISEUNAIUDEU
AWUTVUSY (strength) lTAOWKANNISAV
DG1 2nd Ed gvlulacioluoin DG1 3@ Ed

UInuUN
Ce o L L g Ductility
e LCdHSUNISDONLUUIKDTAIKUEINUNN

IWgowouu DG1 2™ Ed (Wlanaidav 8o
Nvaan LuUGiovoivov AISC 341 T UOQU UIO Ref: Hassan (2025), “Touching Base: What you need to know about Seismic Design and
ﬁﬂ']Slj'] lauallUDnj\)Us:lﬁ u-[j-tu DG] 3|’d Ed Performance Assessment of Column Base Connections,” NASCC The Steel Conference
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¢ MS2ALUUYQCIDIWDAUMULKWUAQUIHD
0:(DVDDNUUUIHD

a) Strength KA WudvUSOALWEOWD
b) Ductility KSOANUIKTYINIWHIOWD

. luwdyovMsaanUUUIRTAUUGoUSOALIAN
IWgOWD awisaaonuuulagnmKuali
JusovsuLa (column base) TANIWLTVUSY
nNJ1Mavuovlains:au plastic moment

. Nl Wldwasautaw: M, = plastic moment
Unanolu umwmsanlwumao LNDI “IHAND:
udousvraunindikualdlu spec” Woisaun
GdgMSUNCdALU R, = Expected Yield
Strength UITWOISEUNLWUS:=QU moment

6.4.1 Strong-Base Design for Seismic Conditions

The objective of strong-base design for seismic loading is
to ensure that the base connection remains elastic under
design level seismic shaking. To achieve this, the design
moment for the base connection is determined as the fully
yielded and strain hardened capacity of the column—that
is, M, = 1.1RyF,Z (for LRFD). The axial load, P,, is deter-
mined according to the combination of dead, live, and over-
strength seismic load (i.e., corresponding to the € factor).
The shear force, V,, may be determined in accordance with
the AISC Seismic Provisions. Once the load (i.e., a set of P,,,
M,. and V,) is determined in this fashion, the force-based
design procedures outlined in Chap’ter 4 (for exposed base
plate connections) and Chapter 5 (for embedded base con-
nections) may be followed: these are not repeated here. In
terms of construction, too, strong-base details are identical
to those shown in Chapter 4 (see Figure 4-21) or Chapter 5
(see Figure 5-1). However, some specific considerations are
emphasized:

Ref: AISC Design Guide 1(2024), “Base Connection Design for Steel
Structures,” 3 Edition
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6.4.2 Weak-Base Design for Seismic Conditions

o fT]SE)E)ﬂllUUDOle\ﬁDﬁ’]Un']UllNlUGUIH:) Weak-base design i.mplic.\; ‘lh{ll the ‘hilSC connection w?ll
= ! .t,__. accommodate plastic rotations, while the column will
Vv:(ovoonuuulry remain elastic. Following previous discussion, only exposed
— & - ac . 7 = . Aty - o~ . : I
a) Strength KoANUWIVUSYALWIIWD I:u.s.e plate t}pg connen?tlons nm_} be Uh-uii for_ .I.hl.s type QI
i design. Based on experimental as well as analytical research
b) Ductility KSoANUKUgINLWE VWD summarized earlier, a reliable mode of accommodating
- . these plastic deformations is through cyclic yielding of
. ZUL[\)UE)\)ﬂ‘]SE)E)ﬂ[[UUZHL_jnj"“_ulu\)us\)ﬁU‘]ﬂ[V_\'IEj\)wa the anchor rods, while the base plate remains elastic. Base
219WIIstUNoALUUIRIDUTIURDDU UdlAUKGD plate yielding (especially on the tension side of the connec-
T , -~ _ tion) is undesirable because it results in kinking of the plate
NUYALWEOWD “accommodate plastlc under the column weld, raising the likelihood of fracture.
deformations” B
L o L — " 174 1 — — e ;:jj:*pl:j‘e 1 Upset thread (UT ‘ ' };"g"ﬁiﬂec’
« HanNIsaAtyAD “no fracture” liltAaNS3UG LUV oo \\, [l W e i
auwau uagoulRtnamsasInn anchor rod (A 8o T T T | o | s
_ol _: ~ o . ° _ ‘ \ entt:';;esﬁl;r;g \: [:cg!ilgl:"ed-diameter
wudnivKbvonlautauanonisaikua (K anchor rod oA
pwaanssuy yielding under tension ua: elastic - T DY
buckling under compression A>8n1s “un-bond
anchor rod” lla:u;\'"a gap ZF‘-lﬁO elastic bUCkling Ref: AISC Design Guide 1(2024), “Base Connection Design for Steel

Structures,” 3 Edition



Seismic Considerations — AISC 341

6¢c.  Required Flexural Strength

e Where column bases are designed as moment connections to the foundation, the
Seismic required flexural strength of column bases that are designated as part of the SFRS,
Provisions for including their attachment to the foundation, shall be the summation of the required
Structural connection strengths of the steel elements that are connected to the column base as

Steel Buildings follows:

(a) For diagonal braces, the required flexural strength shall be at least equal to the
required flexural strength of diagonal brace connections.

(b) For columns, the required flexural strength shall be at least equal to the lesser of
the following:

(1) LIRyF\Z/oy of the column: or QO
Wea k (2) The moment calculated using the overstrength seismic load. provided that

a ductile limit state in either the column base or the foundation controls the
Base .S~ |
Design
e Cheaper Connection BUT Requires Ductility

Ref: Hassan (2025), “Touching Base: What you need to know about Seismic Design and Performance Assessment of Column Base Connections,” NASCC The Steel Conference



Seismic Considerations — Weak Base

How to Achieve
this?

e Understand Rotation Demands

. ‘ Develop Details to achieve these Demands

- = Threaded
Region

Milled down “upset” threads
. Enhance ductility
. Define yielding zone

L Smooth Shank
Reduced-Diameter
Region

2= | Threaded
Region

Ref: Hassan (2025), “Touching Base: What you need to know about Seismic Design and Performance Assessment of Column Base Connections,” NASCC The Steel Conference



Seismic Considerations — Weak Base

How to Achieve
this?

e Understand Rotation Demands

. \ Develop Details to achieve these Demands

"+ Threaded

Region
Debonding Tape
o Prevent rod
i Smooth Shank
CatCh|ng [~ Reduced-Diameter

. Similar to BRBs Region

: = Threaded
Region

Ref: Hassan (2025), “Touching Base: What you need to know about Seismic Design and Performance Assessment of Column Base Connections,” NASCC The Steel Conference



Seismic Considerations — Weak Base Developments

Simulations to Generalize Test Results
- Behavior appears to hold across a large number of configurations
- Ratio of stretch length to plate length is key

Lstretch >0.5X I-plate I-stretch <0.5X I-plate

Ref: Hassan (2025), “Touching Base: What you need to know about Seismic Design and Performance Assessment of Column Base Connections,” NASCC The Steel Conference
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Two new appendices (Appendices C: Guidance for Simulating
Column Base Connections in Structural Analysis and D:
Guidance For The Use of Finite Element Analysis for

Base Plate Analysis and Design, Focused on Exposed
Column Base Connection Details) have been added to
provide methods for the representation of column base
connections in frame analysis and design and guidance
regarding their simulation through finite element analysis.
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First yield,
flexural

ylelding of
base plate

(b) Phase I

Elastlc
unloading

Loss of contact
with nut/washer
and free motion L

(c) Phase IIT

Contact with

of plate

grout leading to
rapld unloading

Moment carrled by
eccentrlc bearlng
prestress

(e) Phase V

(f) Phase VI

Fig. C-5. Physical phenomena controlling response.

The mesh size in each component should be refined to
achieve convergence to a desired degree—in other words,
further refinement of the mesh should not result in an unac-
ceptable change in outputs of interest (e.g., anchor forces).
Some guidelines for initial mesh selection include the fol-
lowing (Figure D-3 shows a sample mesh):

1. Base plate. A minimum of 10 elements along the width
and the length of the base plate (i.e., the plan dimensions)
and at least 2 elements through the thickness (if using
solid elements).

. Column and beam flanges. A minimum of 10 elements
along the width of the flange or the height of the web
should be provided. In the longitudinal direction of the
column, the mesh should be refined in the vicinity of the
base plate; providing roughly square elements—but it
may be coarsened away from the base plate.

3. Anchor rods. A minimum of 4 elements should be pro-

vided in the cross section of the rod. The length of each

element along the rod should be on the order of the rod
diameter.

(]

4. Grout and footing. Element sizes in the grout and footing
should be on the order of element sizes in the base plate.

An initial mesh may be selected based on the preceding
guidelines. Then, convergence studies should be conducted
with a reduced mesh size (e.g., with element sizes smaller
than those selected in the preceding) to ensure that the results
are within a convergence tolerance acceptable to the user.

Elastic material properties should be specified for all the
materials. These may be selected as follows:

1. For all steel elements (column, base plate, anchor rods,
and washers):

+  Modulus of elasticity, Eq..; = 29,000 ksi

+ Poisson’s ratio, v=0.3
2. For the footing concrete and grout:

« Eeoncrete =57,0004[F7, where both £/ and Eonepre are in

psi units.

(a) Overall model with undeformed mesh

Footing

Top nut and plate
washer

Grout pad

(b) Detail with deformed mesh

(c) Detail showing anchor rods and mesh

Leveling nut and Anchor

washer plate

Anchorage nut and
washer
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Sections pertaining to fabrication and erection have been
added to Chapters 4 and 5 for exposed and embedded base
connections, respectively.
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Type of Base Connections
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- mMsIuunsvuuuaciongIu uuvllu

a) 20cd base plate sSulaAluviuApuUNSQ
b) vacio base plate sutaifnilolunpunsa
c) acd base plate SulanluivlunpundQ

numsmomomanuwuao bracing

Table 2-1. Recommended Base Plate Materials

Thickness, 1,

Plate Availability

fp<4in.

ASTM A36/A36M

ASTM A572/A572M Gr. 42 or 50

ASTM A588/A588M Gr. 50

4in.<tp <5in.

ASTM A36/A36ME
ASTM A572/A572M Gr. 42
ASTM A588/A588M Gr. 46

S5in.<tp<6in.

ASTM A36/A36ME
ASTM A572/A572M Gr. 42
ASTM A588/A588M Gr. 42

Sin <t <8i ASTM A36/A36ME
n. <fp=8n. ASTM A588/A588M Gr. 42
tp>8in. ASTM A36/A36MP

1l preferred material specification

Base plate
Grout pad

Anchor rod

Column

Leveling nut

Embedded
column

A

Concrete footing

—

Concrete /

footing

= —

{a) Exposed base plate connection with column only

il

W

o

gl

Column support slab

(b) Embedded base connection

Brace
Gusset plate

(¢) Exposed base plate connection with gusset plate and brace



Grade of Base Plates
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Table 2-1. Recommended Base Plate Materials

Thickness, t, Plate Availability
ASTM A36/A36M S$S400 Equivalent
t, <4 in. ASTM A572/A572M Gr. 42 or 501 sM520 Equivalent

ASTM A588/A588M Gr. 50
ASTM A36/A36ME

4in. <t,<5in. ASTM A572/A572M Gr. 42
ASTM A588/A588M Gr. 46

ASTM A36/A36M1@
5in. <t, <6 in. ASTM A572/A572M Gr. 42

ASTM A588/A588M Gr. 42

ASTM A36/A36M@
ASTM A588/A588M Gr. 42

t, > 8 in. ASTM A36/A36 M

@ Preferred material specification

6in. <t, <8In.




Grade of Anchor Rods
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Table 2-2. Recommended Anchor Rod Materials

Nominal Shear | Nominal Shear
Tensile Nominal Tensile Stress Stress
Strength, Stress, [ (N-Type),l2k €] (X-Type), @k P Maximum
Fu, Fn[ = U.?SFu, Fnu = 0.450Fu, Fnyr = 0.563Fu, DiamEtEI‘,
ASTM Designations ksi ksi ksi ksi in.
« | Gr. 361 58 43.5 26.1 32.7 4
3 | Gr. 551 75 56.3 33.8 42.2 4
“|Gr.105 125 93.8 56.3 70.4 3
120 90.0 54.0 67.6 1
A449 105 78.8 47.3 59.1 1%
90 67.5 40.5 50.7 3
SS400
couivalent  A36/A36M 58 43.5 26.1 32.7 15
A354 Gr. BD 150 113 67.5 84.5 4

# Nominal stress on unthreaded body area of threaded part (gross area)

® Threads excluded from shear plane
®l Threads included in shear plane
™ Preferred material specification
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Pattern and Behavior
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25  GROUT MATERIALS

Grout serves as the connection between the steel base plate
and the concrete foundation to transfer compression and
shear through friction. Grout also serves to assist with main-
taining the levelness of column base plates and plumbness
of columns during erection. Accordingly, it is important that
the grout be properly designed, and placed in a proper and
timely manner.

Grout should have a design compressive strength at least
twice the strength of the foundation concrete if concrete con-
finement is used in calculating the available concrete bear-
ing stress. This will ensure that the grout is not the limiting
factor when the maximum available bearing strength of the
concrete foundation is desired. The design thickness of the
grout space will depend on how fluid the grout is and how

Flowable

grout

@

©

®

©

©

@

@

©

@

©

©

©

=

)

©

Fig. 3-2. Common anchor rod patterns.

. Shear lug to resist large shear forces.



Embedded Base Connection
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* 90cid base plate SutanvlunduNEQ

UﬂE)E)ﬂllUUlWE)lWUﬂTa\)SUllS\)E)OZHﬂU TOPID|BTE to tralnsfer
axial compression
concrete AU ucﬂuuwnso o1owWu Embedded °
column v Grout layer between
"IHQUVLDEY" nMsAadvLaT VUL o . ) / top plate and footing
orizontal reinforcement
As:uuwulduuuu slab on grade attached to column \ /’ g ~ Fooling or grade beam
Stirrups or vertical — | l'ﬂ\ et \ : = - 3
/ Slab-on-grade reinforcement for o i L
Cold joint between ;ff ive}fmpp?ngdd;;\ shear Strengthening \ | ) ¢
slab and blockout \ P ff H (]
T ) - i lﬂq . 4 ) J‘-d

‘ 2 =\ h o
'\fﬂ / Y ' —

/C ) . / PR
Cold joint between -/ / / . .a :
footlng and slab \ / / " - ' )

Footing/foundation —

——x] P
x|

. Column support slab

Diamond blockout (filled with / Construction
unreinforced concrete) control joints

Fig. 3-5. Blockout connections resulting in shallow embedment of base plate connections. F.fg 3-4. Embedded base connection S’!H"H:”jg details.



Anchor Rod
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o @wisaus:uItuNISANavsu
usvavudv Anchor Rod [a
MmuMmsiv 4-1laguimavsu
usvav tensile strength [UAtu
AUWUAKUNAQUDY anchor
rod NHAUUIQSDVLNAED

s 0.9743 )
Ase N =—|dg——
4 n

where
d, = major diameter, in.

n = number of threads per in.

Table 4-1. ASTM F1554 Anchor Rod (Rod Only) Available Tensile Strength

Available Tensile Strength, kips
Rod | Threads Nonnggal E?:g: oRn (0=0.75) Rn/@ (@=0.75)
Diameter, | perinch Area, Area, LRFD ASD
in. (UNC) A,, in2 Ase ns in.2 | Grade 36 | Grade 55 | Grade 105 | Grade 36 | Grade 55 | Grade 105
% 11 0.307 0.226 9.83 12.7 21.2 6.55 8.48 141
% 10 0.442 0.334 14.5 18.8 31.3 9.69 125 20.9
7 9 0.601 0.462 201 26.0 43.3 13.4 17.3 28.9
1 8 0.785 0.606 26.4 34.1 56.8 17.6 22.7 37.9
1% 7 0.994 0.763 33.2 42.9 71.5 221 28.6 47.7
1% 7 1.23 0.969 42.2 54.5 90.8 28.1 36.3 60.6
11z 6 1.77 1.41 61.3 79.3 132 40.9 52.9 88.1
134 5 2.41 1.90 82.7 107 178 55.1 713 119
2 41 3.14 2.50 109 141 234 725 93.8 156
2% 4% 3.98 3.25 141 183 305 94.3 122 203
2 4 4.91 4.00 174 225 375 116 150 250
2% 4 5.94 4.93 214 277 462 143 185 308
3 4 7.07 5.97 260 336 560 173 224 373
3% 4 8.30 7.10 309 399 — 206 266 —
3k 4 9.62 8.33 362 469 — 242 312 —
3% 4 11.0 9.66 420 543 — 280 362 —
4 4 12.6 11.1 483 624 — 322 416 —

— Grade not available in the given diameter.




Base Plate
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. lual:-nmausoaoamauanaunsmmu
base plate Hu1nua\) base plate ADAS
AS:D1YUSVDQ nns NWIUKUNAaLan
As=8 “LGUWURHUNAQ base plate”
WalAdWIAUdaNAS:A1S:H31V base
plate iU concrete aaudgav

» Base plate d:SU reverse pressure 910
ADUANSOODLUD (NUNANUDVUIAU LSV
NS:=M = USVUHASEN NS=D1YWIU area)

« USLruUBULaTTUDUNS:AVUDU base
plate o= Janueau:zladou cantilevered
beam ASU uniform load Sv310udiov
Wo1Ssaun flexural capacity uov base
plate (yield failure mode)

——
Y
1 9| @] = ;
i I - ] |
. Y
b ! I | R || N '
: ]
' 1 O | © <
J*l I g
e m _ !_f_ 0.950’#! m -
o + - N o
(a) Assumed bearing stress (b) Assumed bending lines

maorn

=%
i

- | -

Assumed
bending line ‘\

| |
|

|
fy

(c) Base plate design moment determination

Fig. 4-1. Design of base plate with axial compressive load.



Mechanism -1
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* 1d@WHAanN SS400 F, = 4,000 ksc anluii
base plate U1spVSU lag>vlaHaN
uuaauonaunsalagaso f.' = 400 ksc
ADUANSAAEDUD:LAONISIUCA

« ASLWU contact area A28M1saady
base plate LUun1s aaAiAMUIAUDQ
(stress = P/A) AitAaAUADUNSOCDUD

* N contact area S:HJ1v base plate AU
ODUDADUNSA V:1AQ uniform contact
pressure Uu

- KInwanlanaadv base plate 180° A
v:ianueu:zladou Llanda cap plate N
iJ uniform contact pressure ns=M

fritetiiing

JesrreLLy

54



Mechanism -2
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. ASULNIYUUIQADUD D:¥d8aQANULAUDARALAQ
JuAUQDLD LWS1zawIsans=v19usvladyu N ,‘ 133333333 l,
wunsuusvniduulalsaddu

¢ MsWIstU WumMs “tWUmMdvsuusvdaliau
QouoAdunsSaniduunaliadndivula base plate”
ucilagugalijiau 2 i yavmavaanounsan
contact surface

 d1HSU base plate NMsWo1sgUN d:zLldidoudl L1AQ
uniform pressure UINS:N1N contact surface
dulu base plate SuwoiseunAdgaulduniu
€U NSU uniform load NM1sas>ddouU base plate
A0ADVASIDADUIN moment 91 uniform load P
tluthun31mMavsu moment (M) KSolU




Concrete footing check
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* JuapuusnlumsoonUUU base plate Ao MS
auud yunandvo x 910 YoV base plate wa:uuna
N310 x 10 ypvKUNAaQ footing uootuaauo
(pier) AcioUuui1ongiusin footing

«  HanluMSWISTUIAD LaISULSVDQ AgUsSVDQd
base plate v1nUU base plate ns:D18USVDQAV
pier HSo footing

*  ANSASIDIYUSVDOIIN base plate av pier HSD
footing d:auualRns:o1gavtduyu 45 DuAT UCi:
U WunuUs:=answa N pier Ko footing Suusvoan
LWANSzD19avUIVIN base plate lUiAus:e: 2 i
YDV ADIUAIIVUA:AIILEND UDV base plate

« fA1avnAounsasula Ad 0.85 fc' lasdHSums
LWDADWLAYVQDY factor of safety 0135 ASD
(3 FS = 2.31 (mw AISC) {uutu:i resistance
factor 0"W35 LRFD {3A1 0.65 (0w ACI 318-02)

There is a limit to the beneficial effects of confinement, which is reflected by the limit on A; (to a maximum of four times A,) or
by the inequality limit. Thus, for a column base plate bearing on a footing far from edges or openings, \[Ay/A; =2.

AISC Specification Section J8 provides the nominal bearing strength, Py, as follows:
On the full area of a concrete support:

P, =0.85fA, (Spec. Eq. 18-1)

On less than the full area of a concrete support:
Py =085 A1 A2/ Ap 1.7 fA (Spec. Eq. 18-2)

These equations are multiplied by the resistance factor, ¢.. for LRFD or divided by the safety factor, €., for ASD. Section J8
stipulates the ¢, and €. factors for bearing on concrete as follows:

0. =0.65 (LR FD)

Q.=231 (ASD)|
ACI 318, Section 21.2.1, also stipulates a resistance factor of ¢ = 0.65 for bearing on concrete.
The nominal bearing strength can be converted to a nominal pressure format by dividing out the area term such that:
On the full area of a concrete support:

fp(ma.l} = 085_)? (4' | )

Ref: AISC Design Guide 1, “Base Plate and Anchor Rod Design,” 374 edition




Base plate yielding check
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o WDLAONISNSIDILUSVDAVIN base plate av pier
HSo footing v:1AQ USVUWNS:=D18 (distributed
load) ns:NMaula base plate (nstl no moment)

*  USVUWANS:D18T v:NS:AAU base plate (d10duuu)
laglawn:Audoun base plate gluoonvinuouULan
goiljanuau:NIKUDUAU “mudu” cantilevered
beam fASu distributed load lagmuduinduend
Js:uiauinnus:g:v1nuauLlaifivlald base plate

* ucilunmvunisAudU S::ADWEDU ADVWIISTUN
NV 2 AU ADNIVAIUNITY LLAzQUETD AADAVUCDY
wo1seu yield line (AUl@o1NN1S3LASI:KIBVAN
lasly energy method) tWaQ1s>daduU Aulail
srgzfunuINNga Auldu:INana (1Aa bending du
da=Nou normal stress AU base plate) NUIANFQ

. 1aldnd>1weNdR control wadinssu yielding AU
AUDEUKIADIUHUN (HEDASIDaDUAUKUN) base
plate cidlU [¢ (LRFD) = 0.9, Q (ASD) = 1.67]

The required strength of the base plate can be determined
as
2

!
My =1, [2 (LRFD)

12
My =/, [5 (ASD)

Where the critical base plate cantilever dimension, /, is the
larger of m, n, and A,

_N-095d Ao X

5 CtI—Xx
_B-0sy, | A, ) n

2 (d+b)?|0.F,

dab B 4fibf Q.P,
a’ = AL - [mbf)

4

For the yielding limit state, the required minimum thick-
ness of the base plate can be calculated as follows (Thornton,

1990) (AISC, 2005):

2F,

tin =1 [—“— (LRFD)
OF, BN

toin =1 207, (AsD)
F,BN

4

(a) Assumed Bearing Stress

©

n I'D.Bb,l' n
5 .

Assumed Bending Line—,

—p

S_L

N

f,

(b) Assumed Bending Lines

morn

4

(c) Base Plate Design Moment Determination

Ref: AISC Design Guide 1, “Base Plate and Anchor Rod Design,” 2"d edition
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Column Base Plate Design Example
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2819 DDNUUU base plate spvSulaNdIHAYU
HSS 250x250x12 mm Asuusvluuwudunu DL 120 du
wa: LL 70 du lidluwuaada ua:usvidsulunudsiu
lagdiadv fu chuHUVNVNAIVADUNSOODLIDUUIO
50x50 cm (f'. 300 ksc) lag MHualnsa base plate
SS400 ua: HY370

Step 1: AMUDTUHINASIUUDVISY

Step 2: Us:U10UuNISADIUNIIVEY1DUDY base plate

Step 3: As>vdoUAUAIWISAAIUNIULSVAQ
(bearing capacity) uovtDlLiDADUNSQ

Step 4: ANUDTUKIADIUKUN base plate 1Wo
Aaunmunisaa (bending) NAovNS

Stepl AUDTUKINASIUUDVUSY

P. =DL+LL P, =12D+16L

a u

=120+70=190 T =12(120) + 1.6(70) =256 T

Step 22 US:U1TUN1ISAJIUNIIVE1DUDY base plate
WoIstuIDINUUNALaIRaIuIsadady anchor rod IGve

« AHUAQlK anchor rod H1vo1nUULAY HSS 250x250
m.m lijUS::EJ‘.: 37.5 mm (l\ﬁDﬂDTUH:ODﬂZUﬂTSﬁT\)TU) wa:
LWDS:y: edge distance 911 anchor rod ﬁouap base
plate 9n 37.5 mm d:[0AD WAV base plate A 250 +
2(37.5+37.5) =400 mm

*  Q1S29aDUANULHUN:EN awsadadoliu base plate
Uu1Q 400x400 mm UuCaUDuu1Ia 500x500 mm [a



Pier width

Column Base Plate Design Example

#WelLoveSteelConstruction

2819 DDNUUU base plate spvSulaNdIHAYU
HSS 250x250x12 mm Asuusvluuwudunu DL 120 du
wa: LL 70 du lidluwuaada ua:usvidsulunudsiu
lagdiadv fu chuHUVNVNAIVADUNSOODLIDUUIO
50x50 cm (f'. 300 ksc) lag MHualnsa base plate

SS400 ua: HY370

« Step 1: AMUDTUHIWASIUUDVISY

* Step 2: Us:U1tuNISADIUNIIVY1DUDY base plate

Base plate width

Ble plate wIth

Pier width

Stepl AUDTUKINASIUUDVUSY

P. =DL+LL P, =12D+16L

a u

=120+70=190 T =12(120) + 1.6(70) =256 T

Step 22 US:U1TUN1ISAJIUNIIVE1DUDY base plate
WoIstuIDINUUNALaIRaIuIsadady anchor rod IGve

« AHUAQlK anchor rod H1vo1nUULAY HSS 250x250
m.m lchUS‘.:EJ‘.: 37.5 mm (l\ﬁDﬂDTUH:ODﬂZUﬂ"ISﬁT\)TU) wa:
LWDS:y: edge distance 911 anchor rod ﬁ\)UDL) base
plate 9n 37.5 mm d:[0AD WAV base plate A 250 +
2(37.5+37.5) =400 mm

*  Q1S29aDUANULHUN:EN awsadadoliu base plate
Uu1Q 400x400 mm UuCaUDuu1Ia 500x500 mm [a



Column Base Plate Design Example
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2819 DDNUUU base plate spvSulaNdIHAYU
HSS 250x250x12 mm Asuusvluuwudunu DL 120 du
wa: LL 70 du lidluwuaada ua:usvidsulunudsiu
lagdiadv fu chuHUVNVNAIVADUNSOODLIDUUIO
50x50 cm (f'. 300 ksc) lag MHualnsa base plate
SS400 ua: HY370

« Step 1: AMUDTUHIWASIUUDVISY
* Step 2: Us:U1tUNISADIUNIIVY1DUDY base plate

* Step 3: As>vdDUAUAIISAIUNIULSVAQ
(bearing capacity) uovtDlLiDADUNSQ

+ Step 4: AUDTUHIAD UKL base plate 1WD
Aaunmunisaa (bending) NAovNS

Step 3: (1SJVADUANUUTVUSVUDVIDLDADUNSQ
Base plate bearing area = 40 x 40 = 1,600 cm?
Concrete pier section area =50 x 50 = 2,500 cm?
WAYINNISNS:DNEUSVDA = V(2,500/1,600) = 1.25

P.. = [(1.25)*0.85f' *A 1/ = ¢ [(1.25)*0.85f *A, ]
= [1.25*0.85*300*1600]/2.31 = 0.65*[1.25*0.85*300*1600]
= 220,779 kg = 331,500 kg
=2208T>190T OK =3315T>256 T OK

Step 4 FT]UI)E'UH']FD'IUHU'I base plate nmaoms
* HIS:8: EJU base plate v1nuduULan nomunmoua Augd

l =[B (or N) — 0.95*HSS width]/2
=[40 - 0.95(25)]1/2
=8.125 cm



Column Base Plate Design Example
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2819 DDNUUU base plate spvSulaNdIHAYU
HSS 250x250x12 mm Asuusvluuwudunu DL 120 du
ua: LL 70 au lidluwuadda uazusvidsulunudsiu
lagdadv U diuKuvAVNATADUNSAODLDULNA
50x50 cm (f'. 300 ksc) lag MHualnsa base plate
SS400 ua: HY370

« Step 1: AMUDTUHIWASIUUDVISY
« Step 2: US:1EUNISADIUANIIVYIIUDY base plate

* Step 3: As>vdDUAUAIISAIUNIULSVAQ
(bearing capacity) uovQolondUNSQ

* Step 4: ANUDTUHIADIUKUN base plate WD
Aaunmunisaa (bending) NAovNS

Step 4 AUDTUHIADIUKLN base plate S5400 Ndipons
* s:g:fiu base plate v nuouLlal L = 8.125 cm
* ADIWHUN base plate SS400 (F, = 245 MPa = 2,400 ksc)

- 20pPa _1x |(_2Pu
t=L* (FyBN) t =1 (q)beBN)
2%1.67%190,000 _ 2%256,000
- 8'13\/( 2,400%(1,600) ) - 8'13\/(0.9*2,400*(1,600))
=3.30 cm =3.13 cm

* ADIWHUN base plate HY370 (F, = 370 MPa = 3,700 ksc)

t, =8.13\/(2*1.67*190,000) - =8.13J( 2%256,000 )
3,700%(1,600) P 0.9%3,700%(1,600)

=2.66 cm =252 cm



Column Base Plate Design Example g
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HSS 250x250x12 mm Asuusvluuudunu DL 120 Au :

ua: LL 70 du lidluwudda ua:usvidaulunudsiu Select Product Select Section insert Value
lagdadv u AuKUvAVNAIVADUNSOODLDUUNQ ction Rectangular Rot
50x50 cm (f'. 300 ksc) lag MHualnsa base plate
SS400 wa: HY370

Base Plate

Step 1: AMUDTUHINASIUUDVISY

Step 2: Us:U10UuNISADIUNIIVEY1DUDY base plate

Steel Grade $5400

= Fy 2400.0 ksc
* Step 3: A1SDVIDUAIIWAIWSOCIUNUUSONQ

(bearing capacity) uavaaUoADUNSQ fF“ e bes
e 300 ksc
* Step 4: ATUDTURIADIUHUN base plate WD B w00 -
Aaluniunisaa (bending) NADvNS N 00 -
tp 33 mm




Column Base Plate Design Example g
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2819 DDNUUU base plate spvSulaNdIHAYU .
HSS 250x250x12 mm Asuusvluwudunu DL 120 du < Calculation

ua: LL 70 du lidluwudda uazusvidaufunudsiu neertYalue
lagdadv fu chuKuvAvVAaIVADUNSAODLDUUNA
50x50 cm (f'. 300 ksc) lag MHualnsa base plate

SS400 ua: HY370

Capacity Full Report

Nominal Bearing Strength of Concrete (Pp)
510,000 =(1.25)*0.85f'_*A,

« Step 1. AUDTUHINASIUUDVUSY ¢=09"* k9
Factored Noming§l Bearing Strength of Concrete (@ Pp)
* Step 2: Us:U1tUNISADIUNIIVY1DUDY base plate 331,500 >P,=256T (Step1) Sranfiets o
N kg Fy 2400.0 ksc
e Step 3: Asd>vdouAIUAIISAIUNIULSVNQ
(bearing capacity) uovtDlLiDADUNSQ Nominal Strength of Steel Base Plate (Pn) Fu = ke
, 31 6,725 = Fy*1/2*BN*tp2/l2 f'c 300 ksc
* Step 4: AMUDTUHIADIUKUN base plate LW =09 "* kg ° e m
aiuniunlsaa (bending) NGiovNs N a5 mm
Factored Nomirkal Strength of Steel Base Plate (@Pn) tp 33 mm
285,053 >P,=256T (Step1) w -

kg



Column Base Plate Design Example
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2819 DDNUUU base plate spvSulaNdIHAYU
HSS 250x250x12 mm Asuusvluuwudunu DL 120 du
wa: LL 70 du lidluwuaada ua:usvidsulunudsiu
lagdiadv fu chuHUVNVNAIVADUNSOODLIDUUIO
50x50 cm (f'. 300 ksc) lag MHualnsa base plate
SS400 ua: HY370

Step 1: AMUDTUHINASIUUDVISY

Step 2: Us:U10UuNISADIUNIIVEY1DUDY base plate

Step 3: As>vddUAIUAWNISAAIUNULSVAQ
(bearing capacity) uovaolondUNSQ

Step 4: ANUDTUKIADIUKUN base plate 1Wo
awunmunisaa (bending) NAovNs

Calculation

Capacity Full Report

44—

g—d

< caleulation Calculation
PDF Export
‘ Nominal Compressive Strength
provided email.
(English available only) Nominal Bearing Strength of Supporting Concrete
Email * ’T
- 0.850 Ay | S2 < 1.70,4
Admin@WLSC.com Py e = e
Project Name
. 510,000 kg
Steel column base plate design B '
Project No. Factored Nominal Bearing Strength of Supporting Concrete
001 4P, 331,500 kg
Designied by Allowable Bearing Strength of Supporting Concrete
We love steel construction
) B 220,779 kg
Location O
Project Location Critical Base Plate Cantilever Dimension
Client N — 0.95Depth
m 2
We love steel construction fan page
Date m 8 em

Dec 4, 2025
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Column Base Plate Design Example
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Nominal Compressive Strength

281V DONUUU base plate sovSulanNdIHAYU Crtical Base Plate Cantlever Dimension

HSS 250x250x12 mm Asuusvluuudunu DL 120 du ) B-oss,

wa: LL 70 du lidluwuaada ua:usvidsulunudsiu , ’

lagdiadv fu chuHUVNVNAIVADUNSOODLIDUUIO . = 8
50x50 cm (f'. 300 ksc) lag MHualnsa base plate

SS400 ua:= HY370 A -

Step 1: AMUDTUHINASIUUDVISY L = maatmnan)

Step 2: Us:U10UuNISADIUNIIVEY1DUDY base plate

Nominal Compressive Strength (Flexural buckling)

F,BNt?

Step 3: As>vdoUAUAIWISAAIUNIULSVAQ P o
(bearing capacity) uovtDlLiDADUNSQ

P, = 316, 725 kg

Factored Nominal Compressive Strength

Step 4: ATUDTUKIADIUKUN base plate LWD
awununisaa (bending) hdovns ep, = 28,08 kg

Allowable Compressive Strength

Pn = 189, 656 kg

1



Base Plate with Moment
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Concrete Bearing Stress (for low moment case)

The concrete bearing stress is assumed to be uniformly distributed over the area Y x B. Equation 4-35, for the case of e = € pro-
vides an expression for the length of bearing area, Y-

N Y ) .
7—326’ (4-41)
Therefore:
Y=N-2e (4-42)
— ' - . - I f €
* MsA column base agluluad v:=dowa “Laidou” | P |,
usvaans:MLE&ovAUY (e = eccentricity) dowalr . Pl 1
Asns:=eUsvIald base plate (U uniform r "FTT Ly
e_|q
« fun1vNISAUDEU Design Guide couciauun 2 [ vz v
ARUalBWun1sNS=D18ULUU uniform wcdwun N

ﬂjSﬂS:DjﬂIUlaUHajﬁo lH-a"aS:EJ:ﬂ_]SﬂS:D_]EJ Y Fig. 4-7. Base plate with low moment.




Base plate with small moment
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 nsaunludluwud ducitwgvusvda P, angontaravd base plate NiA>IWNN0 N o: 2 2
L1Aa uniform pressure Ns:N191A concrete footing (K3 pier) g base plate A1 B
tiAU P,/N (cCioRlvHUD8UDVS:g: base plate AANTVOIUADILANAS:QY) 22 2q,,

* uciwalna moment A base plate [UwSouAuusvda P, Ans:n eu AUgnalv base
plate (ua: column) 1ag moment AVNA1DUUAIMAU USVDQ P, ATUNUS:8:18D091N
uuanuanam e(M= P, ) “lunvnisUs:=u1euns” o= WDEISUIOD"ID gusvoa NtnavIn
uniform pressure (q) lUus &z Y HSD compression force Nns:rAU base plate oA
tNAU qY {uvru:n anchor rod Su tension T lagnselluduwud e = 0 D:WUIIN =Y
1EiK1n moment LWU e §9lWU Y 8vaqav ‘

~0

!
. e+
*  KIAWDISEUN dauqavovlsv (A3 P, + T = qY luveu:n auqaluwuad (lutudsauya JJ;IL Ry JJ;L
A) qY.(Y/2) =P, (N/2 - e) + T.(N/2 + f) dHSunsel JowoistundAty

AD HSDN T = 0 9:[A31 P, (Y/2) = P, (N/2 - e) vyasua:
lae=¢e,,, =N/2-Y,,./21agH1n concrete footing SU bearing [agugans:=auusv P

max min

P, oudvowalHiia uniform pressure q,,,,, (ULINNITV:zN{H concrete SUA) d:(A i Vi

Y in = Pu/ Qmax B3P €max = N/2 = P /210 1Q8 Qiax = Fo max™B. = 0.85f 'V(A,/A) v

p.max ' " p.max

* duUu Aovasdvanu31 moment gullu small moment l8N1SASIDADU ey, FiDU

I e = M /P, lUlAuAg@odaa (e ical A3na) AMIE concrete crushing d = Qmax Ref: AISC Design Guide 1, “Base Plate and
Anchor Rod Design,” 2"d edition




Base plate with small moment
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N Y
-~ £ =———
¢« INe=N/2-Y/28u0 e = e iy 20 2 2
Y=N-2e=N - 2*[N/2 P lzq.max] 50 3.3.4 General Design Procedure N Ym:’n N Pu
SU D '[0 Y=P /q.max IC\U q.m — fp max 1. Determine the axial load and moment. Emax = ?_ D - 7_ 2 Gy
fp max = 0. 85f '\/(A /A ) U\)lUUF]-] 2. Pick a trial base plate size, N X B. . e _ 1 P.
pressure a\)aon concrete fOOt]ng V= 3. Determine the equivalent eccentricity, i e 2 2qmax
suldlasluiianms3Ua (compression)
ua: B tdudiudnuov base plate e=MIE
and the critical eccentricity, \/\
«  dKSU stress ALtiaduduld base e = N__b .
plate: f, = P,/YB = P,/[B*(N - 2e)] lag 2 2 ‘ t
HYN m lUU "S tJ J= EJU" O_]UllUDn_]\)ﬂ_]S If e < e, g0 to next step (design of the base plate with Pe “:h R
WO_]SfU_]ﬂBUHU—] ) ) '[03—] moment nlﬂO small moment); otherwise, refer to design of the base rf/P \‘
*oan2 plate with large moment (Section 3.4). f*
A f, DAMAU M, = f *m2/2 Ko | |
Y>m (OOllHOOOTUSU) uc"_nﬂ Y<m 4. Determine the bearing length, Y.
lla:) v -[0:)'] M pl =f *Y(m Y/Z) FT] 5. Determine the required minimum base plate thickness T .
Q\)ﬂaT)UU'\WO']SELI'][HEJUﬂUﬂ"Ia\)SU lptreay
IU[UUOOO” M =F tp2/4 LWDHKIAADU 6. Determine the anchor rod size. Yi2 Y2
Kunuav base plate t, AlHUY:a A

Ref: AISC Design Guide 1, “Base Plate and Anchor Rod Design,” 2" edition



Small-moment base plate Design Example

#WelLoveSteelConstruction

« (&1l (Hoonuuu base plate NSU
wsvoQv1n DL 100 kips wa: LL 160 kips (1
kips ~ ASuaAu) + luwua M, 250 k-in ua:
M,, 400 k-in uovutal W12x96 souU strong
axis la® base plate {3 F, 36 ksi (Uszu1eu
SS400) ua: f_' concrete 4 ksi (280 ksc)

* Step 1. AUdTUKT USvDQUAlUWIUA O
Hann1s LRFD ua: ASD 3vusoavunaid
1SeNSOU9 31 Required strength HSD
fadvndovnsii member awsasula

¢ Step 2: Us:UNtUUUNQUDYV base plate U
HanUaumno AJSLHDS::IRaWIsadady
anchor rod lagHvPRNYINUDULUUDVLAN
Js:u1ed 3 1NN anchor diameter (Us Up[3¥
1" H$D Wus:g: 3" NV 2 A1U)

* Step 3: ANUDEUKI AN e (91N load) ua: e
(010 load Mavsuusvdandunsa f,’
dimension Uov base plate)

crit

la:

Design a base plate for axial dead and live loads equal to 100
and 160 kips, respectively, and moments from the dead and
live loads equal to 250 and 400 kip-in., respectively. Bending
is about the strong axis for the wide flange column W12x96
with d =12.7 in. and by=12.2 in. The ratio of the concrete to
base plate area is unity; F, of the base plate is 36 ksi and [,

of the concrete is 4 ksi.

1. Compute the required strength.

3. Determine e and e,,;.

LRFD ASD
P, = 1.2(100) + 1.6(160) P, = 100 + 160 = 260 kips
= 376 ki
PS8 M, = 250 + 400 = 650 kip-in.
M, = 1.2(250) + 1.6(400)
=940 kip-in.

2. Choose trial base plate size.

The base plate dimension N x B should be large enough for

the installation of four anchor rods, as required by OSHA.

N>d+(2)(3.0 in). = 18.7 in.
B>d;+(2)3.0in.) = 18.2 in.

Try N=191in. and B =

Ref: AISC Design Guide 1, ”

19 in.

LRFD ASD
7”“7040 =2.51n e=M—“ @_ZSm
P, 376 F, 260
(0.857) [4,
p(max) ¢ (0. 85f ) fi’(m“’() - Qf 71
= (0.65)(0. 85)<4)(1) — 085D
2.50
7 =221ksi . —1.36 ksi
Tnar = f (max) % Gmax = S p(mar) X B
=(2.21) (,l 9), = (1.36)(19)
= 42.0 kips/in. — 25.8 kips/in.
e _N_ L N P,
crit — Corit = T
2 z%nﬂx 2 zqma‘(
=1/2[19-376/42.0] =1/2[19—260/25.8]
=5.02 in. = 4.46 in.

Therefore, e < e, and the design meets the criteria for

the case of a base plate with small moment.

HINne<e

orie WNSDasUla3nlu

small moment

Base Plate and Anchor Rod Design,”

2" edition




Small-moment base plate Design Example

#WelLoveSteelConstruction

« Step 4 AUDTUKI S:o: Y Buldu “AUs:=uieu
uniform compression stress ALAQS:HIV

The minimum thickness may be calculated from Equa-

4. Determine bearing length, Y. tion 3.3.14 since ¥ > m:

base plate fiU concrete footing” odunu FENZ2e=10-2E0 =14 in. 7,
load (P ua: M dudvwanv e = M/P) Verify bearing pressure: Tpireq) Zl'Sm\/F:y
LRFD ASD
. Step 5: US:u1eunADIUHUNUDY base plate 42%2376 kips/14 in. q:%:260 Kips/14 in. LRFD ASD
UI\JUUﬁU szg: Y (010 Step 4) INYUAU “Ste: =269 Kips/in. <420 =G 0Kl 18,6 kips/in. < 25.8= gy 0k = (15)(347) % = (1.83)(3.47) f%
§iu” Uudv base plate NdudpnvINUDULAN BV _L03in _1Lodin
US:U_]fUﬂ_]SQ-]ﬂ n'-] m z';\)w;)-]sm-“ﬁguﬁu 5. Determine minimum plate thickness.
section qepth H'S"E)FD‘IUéDﬂUD\)Hl:I"IC:I_Ola'] At bearing interface: Check the thickness using the value of .
La:A1 n BowWINSaUNLNYUAU flange width N —0.954
s -~ — . m= B—0.8b; 19 —(0.8)(12.2) .
HSoADIWANdvUDvUALaT (AN control) 2 n = = = 4.62in.
_ 19 -095(12.7) 2 2
“ 2
nod aums t, = 1.5m,/f,/F, unon =347 in Sl ASD
LRFD ASD Toreq) = (1.5)(4.62) % Lpireg) = (1.83)(4.62) 0‘2?
Load fp = P/Y - ﬁu /Y L , e » 260 1 p(req) = 1.36 in. controls 1 p(reqy =1.39 in. controls
: — — 2 _ 2 fr="t= =14lksi | f[,=-%= =0.977 ksi
Y>m: w = fp' M = Ewm = Efpm BY  (19)(14) By (19)(14) Use a base plate 114"X19"%1'-7". | Use a base plate 114"<19"x1'-7".

Resistance: M, = M, = F,Z, = F,.-tZ

F. 1
vuu @Mn = 0.9 Iy tg = Efpmz Ref: AISC Design Guide 1, “Base Plate and Anchor Rod Design,” 2" edition

—



Small-moment base plate Design Example

#WelLoveSteelConstruction

* Step 6: AUDTUKY YUNQ anchor rod lago1ANY base plate ASU axial only ua:

axial + small moment 2:wu31 anchor rod lWdwacionissuusvlaa (lidusvidou
wa:adeLdu small moment Soldusvdv) lunwdjuad unntKuauula anchor
rod AvunatduriAugnavlitiogndi %" HS9512 19 mm (M20)

doliu yunauav anchor rod d:0wav1n (1) yunauoY base shear ATgoINLE1aY
d concrete foundation ua: (2) yunqudv tension force Astlio1AISLAQ uplift
1a: (3) yunauov tension force nsaulaargluwucdvulalked (large moment)

&1: LULUVS:KIV large vs. small moment A d:1Aa tension fiu anchor KSalU

AStU Wunseln eccentricity = e = P,/M, gounn LAun3 e ;,
dowanis aunisAmuduA Y (unsauuov Small moment (U valid 9aciolu

ANSKIAT Y d1KSU gua:=Nou effective area NiAa bearing
StHJ1 base plate ua: concrete foundation goH10289Han Force wa: Moment
equilibrium ULy

6.

Determine the anchor rod size.

Since no anchor rod forces exist, the anchor rod size can
be determined based on the OSHA requirements and
practical considerations.

Use four 3-in.-diameter rods, ASTM F1554, Grade 36;
rod length = 12 in.

\/\
f I e I
i i | P
r[e/e‘l—\‘
|  eB
R EEIEEEEEREL
fENJ2-Y/2 €
| Y2 \
f N qY

Ref: AISC Design Guide 1, “Base Plate and
Anchor Rod Design,” 2"d edition



Small-moment base plate Design Example

H#WelLoveSteelConstruction

+ dDPEv DDNUUU Base plate NSULsVSaIN DL Step 1. Wo1stun Gravity load combination
90 (lu ua: LL 120 du iwud My, 2.0 du-Jas ASD: Totalload =DL +LL
ua: M, 2.5 du-uas yoolai H 350x350x12x19 Total moment = Mg, + M,

Sou strong axis lag base plate {3 F, 240 MPa LRFD: T

: tal load =1.2DL + 16LL
(S5400) ua:zAdunsa f' concrete 280 ksc lag Total n:am e ;M . 16M
apLipuLNOWDAAU Base plate otal moment = LM, + 1M,

° - - . LRFD ASD
* Step 1. AMUDTUK] USVDQUA:TUIIUA OWHANAIS
LRFD ua: ASD $uusoavunaid 138nsoua 31 P, (kg)
Required strength K50 MavnAovnsiH M, (kg-cm)

member gwwisasula

* Step 2: Us:u1tuyuUNQUDY base plate MuHan
Jpuana Adstikos:=g=(Rauisadacv anchor
rod lagHIvDRNVINUDULUUDVLAT US:U1eU 3
L1 anchor diameter (Us:zuneu 1 K 10us:e): .

3" v 2 A1U) aouuu N=d +2*(37.5*2) =350 + 150 = 500 mm

B = b; + 2%(37.5*2) = 350 + 150 = 500 mm

Step 2: AMHUQS:g:AUENAI anchor bolt IRKIvYINUDULAT LazUDU
Base plate 37.5 mm

naaovuld Base plate yu1a 50 x 50 cm



Small-moment base plate Design Example

H#WelLoveSteelConstruction

29819 DONLLUU Base plate NSuusvoav1n DL
90 (lu ua: LL 120 du luwuad M, 0.6 Au-was
ua: M, 0.8 au-was uovlal H 350x350x12x19
Sou strong axis lag base plate {3 F, 240 MPa
(SS400) uazAdunsa f' concrete 280 ksc log
apUBULNQWDGAU Base plate

Step 3: ANUDTUHY A1 e (91 load) ua: e, (91N
load Mavsuusvdanaunsa f' ua: dimension
Uov base plate)

Step 4: ANUDTUK S:8: Y Botdu “AUs:U1eU
uniform compression stress NLAQS:HI1V base
plate iU concrete footing” vlunu load (P
ua: M dudvwadiv e = M/P)

Step 3: Fi'lfﬂSlé"anqué e = eccentricity
e NLAQUU v1n axial load ua: moment = M/P
€ itical = N/2 — P/2q,,,., (N =B =50 cm)
Qmax = Uniform pressure gu aonnaunscmauzﬁli'
= ¢ 0.85f * V(A,/A) LRFD
= 0.85f_/Q * V(A,/A) ASD
OpuUUNaWDAAU Base plate 2:1031 V(A,/A) =1

LRFD ASD

fp (max) ~ q.max/B

lfp (max)

Qmax

e es< ecritical
Small moment

€¢ritical

Step4: Y=N-2¢, N=50cmua:T+P,=qYanT=0,q=Y/P,

LRFD ASD

Y (cm)
q(kg/cm) qd<d,h.x OK




Small-moment base plate Design Example

H#WelLoveSteelConstruction

* D8IV DDNULUU Base plate NSuusvoavIn DL
90 (lu ua: LL 120 du luwuad M, 0.6 Au-was
ua: M, 0.8 au-was uovlal H 350x350x12x19
Sou strong axis lag base plate {3 F, 240 MPa
(SS400) ua:Apunsa f_’ concrete 280 ksc lag
QouduunawoQnu Base plate

* Step 5: US:U1tuADIWUHUNUDY base plate 8o
Junu s:e: Y (910 Step 4) LAgUNU “s:g:8u”
UDv base plate N&upondINUDULAT FuUs:uitu
N1SY1N A1 M BuWISEUNLNYUAIU section
depth HSoAWanUDVHUNAQLA ua:A1 n 8o
WNSaUNLNgUAU flange width HSoA WAV
uovUnLan (AMu1n control)

* Step 6: ANUDTUHY YUNQ anchor rod lago1ANY
base plate NSu axial only ua: axial + small
moment 9:WU>1 anchor rod [dwacian1ssu
usvlaa

Step 5: s:9u: cantilevered length

m = %*(N — 0.95d) = 2*(50 — 0.95*35) = 8.375 cm

n =%*(N-0.8b) =%*(50 — 0.8*35) =11 cm

=V(2/$)*m*v(f, /F,) = 1.5m*V(f,/F,)

f =P,/YB

p (max) ~

asJ>Ydoualu

Y >2m: LRFD 1/z*fp.m2 = d)Fy.ZX = CIDF},.%*tp2
t
ASD tp = 1.83m*\/(fp/Fy)
LRFD ASD
f,
tp (req dum)
€p (req Gun)

n Q28 (control)



Base Plate with Large Moment

#WelLoveSteelConstruction

« aladgusy axial load avgaouo
ADUNSAWIU base plate NUIWSoUAU
bending moment d:=dvoWalK LudUsv
axial load luWuAugnavudVLA
dowaly assumed-uniform reverse
pressure DWUANSAS:D19a0av
UDULWIANNS:=Y = Szg: Y

* HINs:8: Y anavuin (01U eccentricity
ALWUTU) Ad:=dowall concrete footmg
thiams3udlavie (910 pressure Ngodu
AH¢ area NNS:NELUSVANAY)

¢ ANSWDISTUNIVISUDINMISKA critical
eccentricity Nlidowalr concrete
footing SUQ (pressure LAuA1 q,.,)

Design of Column Base Plates with Large Moments

When the magnitude of the bending moment is large relative to the column axial load, anchor rods are required to connect the
base plate to the concrete foundation so that the base does not tip nor fail the concrete in bearing at the compressed edge. This
is a common situation for rigid frames designed to resist lateral earthquake or wind loads and is schematically presented in
Figure 4-8.
As discussed in the previous section, large moment conditions exist when:
€ > €t (4—53)
N B

>S5
2 “Gmax

Concrete Bearing and Anchor Rod Forces (for large moment case)

The bearing pressure, g, is equal to the maximum value, g, for eccentricities greater than e_;. In order to calculate the total
concrete bearing force and the anchor rod forces, consider the force diagram shown in Figure 4-8.

Vertical force equilibrium requires that:

zF\'«:rf{ud =0 (4—54)
)
f i e _
X P,er, T ‘
| Y f’,
ol Pl
[eB
- TTTTTTTTTT Toma
— -i- Qmax
| f+Nj2-Y/2 Y/2
' N

Fig. 4-8. Base plate with large moment.



Base plate with large moment

#WelLoveSteelConstruction

« 1dUNUY S:H310 base plate ASU small
iU large moment Ad A1sLiausvnoU
(u anchor rod (small luiAa large 1AQ)

« mswaisan mialagnisasdvasunl
NSLEDVAUY e = M, /P, 51U)n (large)
HSD Upgnd1 (small) A e NRQ3NN0O
HSD critical eccentricity, e_lag

e.=N/2-P./2q,..,

« sUuuumIs3Ud HSo Limit state 310:00
lonatfianiswosuanusoauladoula
[auv dogusvunuawevla sUuuun
Iuusouaanaonmihmoms:um :10u
§Uuuun control waaOnNssUYDv base
plate connection lagsUuuucdiv a 1wu

o Bearing NQADUASOODLDUAON
o Anchor rod gndouia
o Base plate LNON1SQQADDUASIN

Bearing nQADUNSOODLDIULAAN

89 moment 1AauTA BorlRs:g: Y A
distribute pressure q aouaﬂa\) 1nQ
bearing force, qY uINdvdu uas doWa
cio usvdv T lu anchor rod Lndu lag

Sum (Force) = O:
Sum (Moment) = O:
Y F+N/2-Y/2]-P*(f+e)=0

T+ I:)r = q.maxY

[

asdaunmis quadratic Kis:g: Y

72 —2[£+‘f]y+7zp” (e+ 1) =

Qmax

Y[f+ﬂ]i\/[f+£]z_2Pr(e+‘f)

qmm’

auns quadratic 9:10ud3v Adotido

N]z 2B (e+7)

42

q max

davasivanu validity Lipopnuuu

X

|;%B; g .
HEIREEEEEEL

T \
feN-Y2 £ L
' J( Y12 yI2

Ref: AISC Design Guide 1, “Base Plate and
Anchor Rod Design,” 2"d edition



Base plate with large moment

#WelLoveSteelConstruction

1dUNUV s:H31v base plate ASU small
iU large moment Ad A1sLiausvnoU
(u anchor rod (small luiAa large 1AQ)

mswaisan mialagnisasdvasun
NSLEDVAUY e = M, /P, 51U)n (large)
HSD Upgnd1 (small) A e NRQ3NN0O
HSD critical eccentricity, e_lag

e.=N/2-P./2q,..,

sUuuuNIs3ud HSo Limit state 310:00
lonatfianiswosuanusoauladoula
[auv dogusvunuawevla sUuuun
Iuusouaanaonmihmoms:um :10u
§Uuuun control waaOnNssUYDv base
plate connection lagsUuuucdiv a 1wu

o Bearing NQADUASOODLDUAON
o Anchor rod gndouia
o Base plate LNON1SQQADDUASIN

Bearing nQADUNSOODLDIULAAN

89 moment 1AauTA BorlRs:g: Y A
distribute pressure q aouaﬂa\) 1nQ
bearing force, qY uINdvdu uas doWa
cio usvdv T lu anchor rod Lndu lag

Sum (Force) = O:
Sum (Moment) = O:
Y F+N/2-Y/2]-P*(f+e)=0

T+ I:)r = q.maxY

[

B N 2P, (e+f)
_[H 2] \/[f+ 2] s (34.3)

asU uAaunis Kis:zg: Y AAa q,,,, 914

wnu e =N/2 - P,/2q,, .«
lLa:woIstul negative
term d:=[Q

Y = Pr/q.max

X

Re -+
Pl A\
rt

| eB
]
AR R
A -
f J( Y12 yI2

Ref: AISC Design Guide 1, “Base Plate and
Anchor Rod Design,” 2"d edition



Base plate with large moment

#WelLoveSteelConstruction

Base plate momsoomaunsmmunno
daunns 3.3.14a - 3.3.15b U\)lUUfT\SWO'\SfU'l

base plate with small moment d:lasy

aumsmaanu ucuUaaumn f Wu f
U\)lUUﬂ'la\)SUllS\)E)OEI\)aOnF’IDUﬂSC'IGE)UE)

awisasula » IOF’D'IUHU’IHC]D\)?TISO\)U

ItY=2m:

f(max)
Ip”equl.Sm/ PF (LRFD)
‘ _1.83m |72 (asD
p(req) =1.83m, [ZEE (ASD)

If Y<m:

Y

Yim——
fp(mmc) [ 2

(=211 ](LRFD)

p(req)

~y

y

(max)Y [m ]
(ASD)

t
plreq) =
F}’

(3.3.14a)

(3.3.14b)

(3.3.15a)

(3.3.15b)

p (max)

For ¥ = m:

(3.3.14a)

e F, /167 F,

(LRFD) (3.3.15a)

(3.3.15b)

Bearing NQADUNSQ0D

oouuan
Y = Pr/q.max
V' m |
—>
f e |
— ' |
P R rE%L |
| eB
I T
FeNp-yi2 e £ L
' J( Y12 Y2
N o9

Ref: AISC Design Guide 1, “Base Plate and Anchor Rod Design,” 2" edition



Base plate with large moment

#WelLoveSteelConstruction

- Base plate momsooaunsmmunnnoo
la® anchor rod d: aluwudiiian base

plate AUl x =f-d/2 - t/2 (d = depth) Base plate tAan1saasuAsINAIUNNQ Bearing AQADUANSCCD
Uoauuan
T x T x IfY=2m:
M, = —_a _
g B Mpf B p(max) Y= I:)r/cl.max
Up(req) = (LRFD) (3.3.14a)
UAdUAIS D=K1ADIUKUN base plate | lagly 7
= =1.83m |22 (ASD)
tnams yield (lWwuadaa) dungndoaod p(req) F (3.3.14b)
‘/\ 4‘L’
Base plate 1NaN1sA0dUASINANUAYNEGY IEY<m: A

p(req)

Y F;‘e/—\
T;,x fprmmr}}][m_g] r—DJ;U—x "ET ! ,_EEI]_,
Ip(reg) = 211, |5 (LRFD) (3.4.7a) o ireg) =211 (LRFD)  (3.3.153) [ es

F, , LI T]TInrs

r
T ; 7 [m Y ] wwé-wz 2 b

X J p(max) Y ! Yi2 Yr2
(AD) (3.4.7b) {p(req) =2.58 2] (asp)  (33.15b) :

t =2.58

plreq) N 9
W

y

Ref: AISC Design Guide 1, “Base Plate and Anchor Rod Design,” 2" edition



Base plate with large moment

#WelLoveSteelConstruction

* Design Process

1 HKIP.ua:M Base plate lﬁOﬂ'\SCTODUF]S']ﬂﬁ'\Uﬁ.ﬂO Bearing NQADUANSCD
: r = r '
=~ Uovyuuan
2. duuQuuna base plate N x B .
= = M.
3. KiAMMsSove=M. /P, p— Y =P./q,..,
4. HI1ssgzYua:T=q,.Y-P, p(req) =1:5m F, (LRFD) (3.3.142)
5. HIADIWKHWN base plate, t; (oq) -
J pfmax)
6. HIUU1Q anchor bolt {p(req) =1.83m,|=50 - (ASD) (3.3.14b)
¥y A m
= = o o IfY<m: ] T o
Base plate LlnamsaavyuasInOIUN)NAY 1 _
1 i
Y F;‘e/—\
]—;x fprmmr}}][m_g] r—DJ;U—x "ET ! ,_EEI]_,
Ip(reg) = 2:11, | 57— (LRFD) (3.4.7a) toreq) = 211 (LRFD)  (3.3.152) [ s , ]
| A, . Lo
7 p Y[ Y] A -
X J p(max) m—— ! Y2 Y2
pirea) = 238, [ (ASD) (3.4.7b) tp(req) = 2:58 2] (asp)  (33.15b) i w9

Vv

y

Ref: AISC Design Guide 1, “Base Plate and Anchor Rod Design,” 2" edition



Large-moment base plate Design Example

#WelLoveSteelConstruction

* Design Process

H1P, ua: M,

dauuauuna base plate N x B
HIANsIgav e =M, / P,
Kis:g: Y ua=T=q,,.,Y — P,
HYADIWKHUN base plate, t
Ruu1Q anchor bolt

p (req)

oV A WwN =

* 2281V DDNULUU base plate ASuusvDQ
910 DL 100 kips ua: LL 160 kips (1 kips ~
ASvAu) + luwuad My, 1,000 k-in ua: M,
1,500 k-in yovulal W12x96 souU strong
axis la® base plate {3 F, 36 ksi (Uszu1eu
SS400) ua: f_' concrete 4 ksi (280 ksc)

1. Compute the required strength.

LRFD ASD
P, =1.2(100) +1.6(160) P, =100+160
=376 kips =260 kips
M, =1.2(1,000)+1.6(1,500) M, =1,000+1,500
= 3,600 kip-in. = 12,500 kip-in.

2. Choose trial base plate size.

N>d+(2)(3.0in.) = 18.7 in.
B> b+ (2)(3.0in.) =182 in.
Try N=19 in. and B = 19 in.

3. Determine e and e,,;;; check inequality in Equation 3.4.4

to determine if a solution exists.

Check the inequality of Equation 3.4.4:

Assume that the anchor rod edge distance is 1.5 in.
Therefore,
N
=—-15
f 2

f=95-1.5=8in.

2
[_f+§] = (8+9.5)° =306

LRFD ASD
gy = 24.0 kips/in. Gonae = 25.8 Kips/in.
(See Example 4.6) (See Example 4.6)
_ M, _ 3,600 kip-in. o M, _ 2,500 Kip-in.
P, 376 kips P, 260 kips
=9.57 in. =9.62 in.
_N A _N__&
Corit = 9 2 G Corie = 2 2 Do
19 376 _ 19 260
T2 (2)(420) T2 (2)(258)
=5.02in. =5.03 in.
e>e,, e>e,,

LRFD ASD
28, (e+f) (2)(376)(9.57+8) | 2P, (e+/) (2)(260)(9-62+8)
Tnax 42 Inax 25.8
=315 =155

Since 315 > 306, the inequality | Since 315 > 306, the inequality
is not satisfied.

is not satisfied.

Hence, alarger plate dimension | Hence, a larger plate dimension
is required.

is required.

As the second iteration, try a 20 x 20 plate.

The increased dimensions cause a modification in the
maximum bearing pressure, ¢,,... f. and .. The new val-
ues become

Ref: AISC Design Guide 1, “Base Plate
and Anchor Rod Design,” 2"d edition




Large-moment base plate Design Example

#WelLoveSteelConstruction ‘
1. Compute the required strength.

2
- LRFD ASD NY _2B(e+f)
° > 7
Design Process PR———— 2 = 1001160 [f 2] = (3.4.4)
=376 kips =260 kips
'I_ H1 p la:= M M, =1.2(1,000)+1.6(1,500) M, =1,000+1,500
" r =3,600 kip-in. — 2,500 kip-in. e 5D
2. auvuauuna base plateNx B
. “ -— - - qmat = (221)(3] qJH(U( :(136)(8)
3. HaAIMSlEdv e = Mrl pr 2. Choose trial base plate size. — (221)(20) — 272 kips/in.
bt J - = —_— PN : = 44.2 kips/in. _ 20
4. HI1S:o:YUua:=T=q, Y - P, N>d+(2)(3.0in) =187 in. P f=7-15
B> b+ (2)3.0in) = 182 in. ST —85in.
5. HIADIWKHWN base plate, t; (oq) B>b ‘ o w T
6. HIWU1Q anchor bolt Ty =19 and B=19in. T2 )2) T2 ()12
=575in. =522 in.

3. Determine e and e,,;;; check inequality in Equation 3.4.4
to determine if a solution exists.

The eccentricity, e, still exceeds
€. therefore, the load combination
is for large moments. Also:

The eccentricity, e, still exceeds e,
therefore, the load combination is for
large moments. Also:

- . . . LRFD ASD N ) NP 2
+ (P& 22NV base plate NSuusVIQ PR peE— (5] s+ [r+%] ~(es+10
- - - - _~ max " ) . max — = ’ it —342 — 342
Dlﬂ [._)L 100 klps._lla. LL 160 k'lp-S (] k'lpS (Sce Exatjple 4_'0)_ (See Example 46) 2B, (e+f) _(2)(376)(9.57+9.5) 2Pﬂ(e+f):[:2)(260:][9.62+9.5)
ASvAu) + luwua MDL 1,000 k-in ua: MLL _ M, _ 3600 kip-in. o Ma _ 2,500 kip-in. PR 442 Gmar 29.9
1,500 k-in upvlal W12x96 sou strong fu ks fo  260kips =2 =B
. - . =9.57 in. =9.62 in. 324 < 342, therefore the inequality | 332 <342, therefore the inequality in
axis [OU base plate ZU Fy 36 kS] (US:U-]fU N P, N P, in Equation 3.4.4 is satisfied and a | Equation 3.4.4 is satisfied and a real
SS400) lla__ f 7 Concrete 4 kSi (280 kSC) Cerit :?7 29 Cerit :?7 2q real solution for Y exists. solution for ¥ exists.
- c max max
19 376 19 260
T2 (2)(42.0) T2 (2)(258)
=5.02in. =5.03 in. Ref: AISC Design Guide 1, “Base Plate
e>e,, e>e,, and Anchor Rod Design,” 2"d edition




Large-moment

#WelLoveSteelConstruction

* Design Process

H1P . ua: M,

auvuduuia base plate N xB
mifmsidov e = M /P,
Kis:g: Y ua=T=q,,.,Y — P,
HYADIWKHUN base plate, t
Ruu1Q anchor bolt

p (req)

OV A WN ™

* 2281V DDNULUU base plate ASuusvDQ
910 DL 100 kips ua: LL 160 kips (1 kips ~
ASvAu) + luwuad My, 1,000 k-in ua: M,
1,500 k-in yovulal W12x96 souU strong
axis la® base plate {3 F, 36 ksi (Uszu1eu
SS400) ua: f_' concrete 4 ksi (280 ksc)

base plate Design Example

4. Determine bearing length, ¥, and anchor rod tension, T, or

Because Y = m:

T.
LRFD ASD
N N
Y:[f+7] Y*[f"';]
I' NT 2R, (e+f) ‘[ N]z 28, (e+ f)
) f+=| — = Earyie
\'I{ 2 ax M'I ; Fmax
20 20
Y_[9.5+7] Y:[9.5+7]
f 207 2(376)(9.57+9.5) |l 20)*  2(260)(9.62+9.5)
+ |{9.5+—} - + [9.5+—] -0 =
\ 2 442 \ 2 29.9
=19.5+7.47 =19.5£6.90
¥=120in. Y=126in
T, =qY¥—PB, =(442)(12.0)—376 T, =qY — P, =(29.9)(12.6)—260
=156 kips =117 kips

5. Determine minimum plate thickness.

At bearing interface:

m

_ N—-0.95d
N 2
~20—-0.95(12.7)
===
=3.97 in.

LRFD ASD
fp(mat) f( )
i - - 2 { x)
Ip(req) = 1.5M |=——— tp(req) = 1.83m %
y y
2.21 1.36
=(L.5)(3.97),[— =(1.83)(3.97
(1.5)(.97), (1:85)3.97)
Loireg) = 148 1n. loireq) = 1.41in.
At tension interface:
N d 20 12.7
x=———=15=——-—-—--15
2 2 2 2
=2.151in.
LRFD ASD
L,x |II" X
t =211 |- _ a’
plreg) t (reqg) — 2.58
BF;. plreq) B.F),
156 )(2.15
. ( ) ) — 58 (117)(2.15)
(20)(306) (20)(36)
tytreq)y = 1.44 in lptreg) = 1.52 in.

LRFD

ASD

f;J :f}‘ﬂrmm'; =221 ksi

Jp = fotman = 1.36 ksi

Ref: AISC Design Guide 1, “Base Plate
and Anchor Rod Design,” 2"d edition




Large-moment base plate Design Example

#WelLoveSteelConstruction

Check the thickness using the value of n. Because ¥ 2 m:

SS400) ua: f_' concrete 4 ksi (280 ksc)

° Design Process B—0.8b; 20-0.8(12.2) . LRFD ASD
n= 5 = =5.12 in. i
_ </ p(max) o T (max)
1- H1 Pr lia: Ml‘ rP!’"‘f"?) =1.5m ) 'fp(req} =1.83m |-~ ] ’
LRFD ASD
= 221 X 1.36
2. auunume base plateNx B NS . 12)F = (15)397) 22! - (183)3.97) 2
3. HAMswgdve=M_/P oty = (1) I2Z | oy = (L)312) 50 = 148 =141
r r ) pireg) = 14810 Ip(reg) = 1.4110.
4 MKis:g:Yua:T-= q., Y-P = 1.90 in. controls =1.82 in. controls
- - == Q®Qmax " T Fr
At tension interface:
5. HIAJIWHUY base plate, tp (req) Bearing interface governs the design of base plate thick-
6. HIUUQ anchor bolt ness. Use 2-in. plate. x:j—;—%—lj :22_0_%_1,5
=2.15in.
5. Determine minimum plate thickness.
= = = = At bearing interface: LRFD ASD
* (DY DDNUUU base plate nsuusvoa —

- - - u’ T
v1n DL 100 kips ua: LL 160 kips (1 kips ~ N —0.95d ptreq) = 211, |2 Lotreg) = 2.58 Bj':
ASVAU) + luwud My, 1,000 k-in ua: M, "m0 ERTRE e —
1,500 k-in ydvlal W12x96 sau strong _20-095(12.7) =21 e =258 [0
axis la® base plate (G F, 36 ksi (Us:zu1eu 2 ey = 144 in L

y =3.97 in. plred)

LRFD

ASD

f_;J :fg‘urmm-; =2.21ksi

o = Foonay = 1.36 ksi

Ref: AISC Design Guide 1, “Base Plate
and Anchor Rod Design,” 2"d edition




Large-moment base plate Design Example

H#WelLoveSteelConstruction

* Design Process Step 1: WoIstun Gravity load combination
ASD: Totalload=DL +LL

2. auuQuuia base plate N x B LRFD: Total load =1.2DL + 1.6LL
3. HiAMsove=M,/P, Total moment = 12Mp +16M,,
4. HISsg=Yua:T-= Y-P
Amax ' LRFD ASD
5. HIADIWKHWN base plate, t; (oq)
6. HIWu1aQ anchor bolt Pr (ke)
M, (kg-cm)

* D8IV DDNULUU Base plate ASuusvoQ
1A DL 90 du ua: LL 120 au luwud My,
20 Au-was ua: M, 25 Au-wJas vovta H
350x350x12x19 soU strong axis lag base .
plate {3 F,, 240 MPa (SS400) ua:Aaunsa avuu N =d + 2*(37.5*2) = 350 + 150 = 500 mm
f.' concrete 280 ksc lagaoljouunawod B = b + 2*(37.5%2) =350 + 150 = 500 mm
flu Base plate

Step 2: AMHUQS:g:AULNAT anchor bolt IRKIvYINUDULAT LazUDU
Base plate 37.5 mm

naaovuld Base plate yu1a 50 x 50 cm



Large-moment base plate Design Example

#WelLoveSteelConstruction

* Design Process

H1P . ua: M,

auvuduuia base plate N xB
HIANsIgav e =M, / P,
Kis:g: Y ua=T=q,,.,Y — P,
HYADIWKHUN base plate, t
Ruu1Q anchor bolt

p (req)

oV s WwN A

X 1

HEIEEEEEEEL

T |
feN2-yr2 L € |
' J( Y2 7

N q

Step 3: ANNSLEDVAUE e = eccentricity
e NLAadu YN axial load wa: moment = M/P

€critical = N/2 = P/2q,, (N =B =50 cm)

Qmax = Uniform pressure tu 9aNADUASOODLIDIUA
= ¢ 0.85f_ * V(A,/A,) LRFD
= 0.85f_/Q * V(A,/A) ASD

OpuUUNaWDAAU Base plate 2:1031 V(A,/A) =1

LRFD ASD

lfp(max) fp (max) = qmax/B

q,max

e € > €yitical

e Large moment

critical
LRFD ASD

S T 1EY)
‘ 2 B 4 max (f * le)z

Aovasdvanu validity Lioponuuu 2P *(e+f)/ q,,.,




Large-moment base plate Design Example

#WelLoveSteelConstruction

* Design Process

H1P . ua: M,

auvuduuia base plate N xB
mifmsidov e = M /P,
Kis:g: Y ua=T=q,,.,Y — P,
HYADIWKHUN base plate, t
Ruu1Q anchor bolt

p (req)

OV A WN ™

X 1

4%%1 iR iy
HEIEEEEEEEL

T |
feN2-yr2 L € |
' J( Y2 Y2

Step4: Y = s:g:ALAQ uniform pressure (q) nstu small moment
(T=0) Y =N - 2e ucinsed large moment K1lao1n
AsuAauMs quadratic equation (auqavovluwua)

1

S+

2
refr e X [ 2] 2D

(3.4.3)

q}nd‘l’

wa=o1n auqavovuso T =P, + qY 2:la

LRFD ASD

Ylarge moment

T

m = %*(N — 0.95d)
n =%*(N - 0.8b,)



Large-moment base plate Design Example

#WelLoveSteelConstruction

* Design Process Step 5: ADWWHUN Base plate wo1stun plastic hinge Udv Base plate
NdukuvyauLlat lagwaseuInodu m ua: n ypvusunLia
1. HP.ua:M, usvna (bearing) ua: usruALAQUSVGYIN anchor rod
2. auvuduuia base plateN xB .
3. H-";i-'n-‘s“'iao e= Mrl pr usSwaunLlaausvna (bearing interface)
4 HKisto:Yua:T= Y-P
Amax T~ Y2m: LRFD %*f,m2 =¢F Z, = ¢F V*t 2
5. HIADIWKHWN base plate, t; (oq) t, =V/IGImH(F, /F,)
6. HIUuna anchor bolt = 15m*v(f ,/F,)
ASD t, =183m*v(f,/F,)
%
! e LRFD ASD
L 1‘ E
hD—ED_‘ F:? ’?: \ J’Qﬂﬁ tpreqéum)
| eB
1 W l ‘ ‘ [ [ l f 9 tpreqérun)

T |
feN2-yr2 L € |
' J( Y2 Y2

N q




Large-moment base plate Design Example

#WelLoveSteelConstruction

* Design Process

oWV A WwWN™~

H1P . ua: M,

auvuduuia base plate N xB
mifmsidov e = M /P,
Hs:g:Yua:T=q,,,Y~-P,
HIADTUHUN base plate, t
Hluuha anchor bolt

p (req)

X 1

Re
P
r

I T

T |
feN2-yr2 L € |
' J( Y2 Y2

N q

Step 5: ADWWHUN Base plate wo1stun plastic hinge Udv Base plate
AchuKUvUaULaT lagwosauInvAIU m Wa: n YdvuusSwaunLAQ
usvna (bearing) ua: uswauNLAausvavIIN anchor rod

usSLUAAAQUSYEY (tension interface), x = f — d/2 — by/2

LRFD  T,x =¢F,Z, = ¢F, %*B*t 2
t, = V(4/$)*V(T x/BF,)

= 2.11*V(T,,.x/BF,)
ASD t, = 258*V(T,x/BF,)
LRFD ASD

tp (reqattension)




Considerations

#WelLoveSteelConstruction

a .
< Ff v
dembea 4 4 A
a._' s !I::‘---_,. ) v
b - R < .
T | 7]
<‘Aﬂ 4 : Jqo.sN | . g - A ;
L , VT a .

— 1

Fig. 5-6. Concrete breakout force above the tension side of the connection in the absence of horizontal reinforcement.
Vertical
reinforcement

(stirrups) \ Fi —‘7' I."f

a4

Fig. 5-7. Breakout force of concrete above the tension side of the connection.

transferred through

f — Column tension
!
!

embedded base
plate into foundation

Column compression *
transferred through
face bearing plates 4 4 /
into foundation \ /
S ((RARRR ' "'
. - . B |l - .
. s - i - Vi [ .
o f N . S / /.
ke 4 ¥ s ' AN f. da A
/_ . ERN . \\ fo//
L N N . | .
L & a . < 4 Na 7/ <
SRS S SEANTTHITT )7
A . 4 - 4 4 - “
o @ ‘ o 4 - R I ‘ I 4 N
4 . . . T4 4 . o o o
7 a .- 4 a © . < A . - a4 g - . )
a4 2 <. oA ) < .
a . 4 A a < . 4 -4 a

{a) Compression in column

Fig. 5-4. Column axial force transfer in Type I connections.

Top nut/washer

Column assembly

Base plate

Upset thread (UT)

Y.

—
'S

(b) Tension in column

Threaded
region

Grout pad —
Concrete anchor rod Leveling /La,\
foundation nut/washer
- . assembly
> Y] =
| 4 o Polyethylene ) Smooth shank
|' J tape (along - ¢ reduced-diameter
: . entire smooth i3 | region
|. D : shank)
a4 a -
\\[ A \ Smooth
- Shear key transition J
(flllet) s Threaded
region
Anchorage
plate/nut
assembly

Fig. 6-1. Upset thread detail for weak-base seismic design.



Contact us

LINE ID WelLoveSteelConstruction: @wlsc

https://www.facebook.com/WeLoveSteelConstruction

https://www.youtube.com/c/WelLoveSteelConstruction

https://construction-forum.ssi-steel.com/

i0S: https://apps.apple.com/th/app/ssi-steel-design/id1474838160
Android:
https://play.google.com/store/apps/details?id=com.ssibdt.ssisteeldesign&hl=en&gl=US
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